19 Real-time reverse transcription PCR (qPCR) normalized to an internal reference gene (RG), is a frequently 20 used method for quantifying gene expression changes in neuroscience. Although RG expression is assumed 21 to be constantly independent of physiological or experimental conditions, several studies have shown that 22 commonly used RGs are not expressed stably. The use of unstable RGs has a profound effect on the 23 conclusions drawn from studies on gene expression, and almost universally results in spurious estimation 24 of target gene expression. Approaches aimed at selecting and validating RGs often make use of different 25 statistical methods, which may lead to conflicting results. The present study evaluates the expression of 5 26 candidate RGs (Actb, Pgk1, Sdha, Gapdh, Rnu6b) as a function of hypoxia exposure and hypothermic 27 treatment in the neonatal rat cerebral cortex in order to identify RGs that are stably expressed under these 28 experimental conditions and compares several statistical approaches that have been proposed to validate 29 RGs. In doing so, we first analyzed the RG ranking stability proposed by several widely used statistical 30 methods and related tools, i.e. the Coefficient of Variation (CV) analysis, GeNorm, NormFinder, 60 Rpl13a ribosomal protein L13A 61 Pbg-d porphobilinogen deaminase 62 Cypa cyclophilin 63 Rest repressor element 1-silencing transcription factor 64 Bad BCL2/BCL-XL-associated death promoter 65 66 Introduction 67 In qPCR analysis, reference genes (RGs) with stable expression levels are essential internal controls for 68 relative quantification of mRNA expression. RGs normalize variations of candidate gene expression under 69 different conditions (1,2). The ideal RG should be expressed at constant levels regardless of e.g. 70 experimental conditions, developmental stages or treatments (3,4), and should have expression levels 71 comparable to that of the target gene (5). Nevertheless, increasing evidence suggests that the expression of 72 commonly used RGs often varies considerably under different experimental conditions, as reviewed 73 previously (6,7). The choice of unstable RGs for the normalization of qPCR data may give rise to inaccurate 74 results, concomitant with potential expression changes in genes of interest being easily missed or 75 overemphasized. Thus, the identification of stable RGs is a prerequisite for reliable qPCR experiments (9-76 11).
31 BestKeeper, and the ΔCt method. Subsequently, we compared RG expression patterns between the various 32 experimental groups. We found that these statistical methods, next to producing different rankings per se, 33 all ranked RGs displaying significant differences in expression levels between groups as the most stable 34 RG. As a consequence, when assessing the impact of RG selection on target gene expression quantification, 35 substantial differences in target gene expression profiles were observed. As such, by assessing mRNA 36 expression profiles within the neonatal rat brain cortex in hypoxia and hypothermia as a showcase, this 37 study underlines the importance of further validating RGs for each new experimental paradigm considering 38 the limitations of each selection method. 233 234 To assess if the mean mRNA levels across groups were significantly different from one another, a One-235 way ANOVA was used. The results demonstrated that variations in the Ct values for the different treatments 236 were different for all candidate RGs. Four of the five genes tested (Sdha, Rnu6b, Pgk1, Actb) showed 237 significant variation in mRNA levels across different treatments (Fig 2) . Only Gapdh showed no significant 238 changes. These results, making use of the raw expression profiles of the RGs, suggest that the various 239 experimental conditions were associated with changes in RG expression levels that, as such, could skew 240 the normalized profile of target genes. As a result, RG selection without accounting for potential expression 241 differences between conditions is accompanied by a significant bias in the results and their interpretation. 250 Next, to identify the optimal RG(s), the expression stability of candidate RGs was analyzed using four well 251 known statistical methods (Table 3).   252   253   254   255  257 258 First, a GeNorm analysis was performed on all five candidate genes. GeNorm calculates stability value (M) 259 based on pairwise variation of every two genes. The rationale is that if two genes vary similarly across all 260 samples, then they are the most stable RGs for that dataset. A limitation of this method is that if two genes 261 are regulated in the same direction by one or more experimental conditions, those will often be assumed to 262 be the most stable. In our analysis, except for Rnu6b, which presented the highest M-value (M=1.923), all 263 of the other candidate RGs presented M-values lower than 1.5, which is considered to be the cut-off for 264 suitability. Based on this analysis for the neonatal cortex, the most stable RGs were Pgk1 and Actb. This is 265 in stark contrast to the CV analysis, that showed those genes as the least stable ones (higher CV), and to 266 the expression profiles that showed inter-group differences.
267
268 NormFinder calculates the stability score (S) based on the inter-and intra-group variation. However, it has 269 been reported that including genes with high overall variation can affect the stability ranking of all genes 270 with this method (22 
281
282 The Δ-Ct method works on the same rationale as GeNorm but calculates the stability value (mean SD) 283 differently; it is calculated as the average standard deviation of the Ct value differences that the gene 284 exhibits with other genes. Using this method, the ranking was similar to previous rankings. The most stable 285 RGs were Pgk1 (Av. SD=1.41) and Sdha (Av.SD=1.45), and the least stable Rnu6b (Av.SD=3.23). The 286 overall ranking depicted in Table 3 was based on the geometric mean of the previous gene ranks. This 287 ranking indicates that for this tissue and treatment, the most stable RG was Pgk1.
289 Impact of RG selection on target gene expression profiles
290 The impact of RG selection on gene expression quantification was assessed by examining the expression 291 of Rest and Bad. These genes have shown to be influenced by hypoxia and hypothermia. Five gene 292 expression normalizing strategies were used to select the least and most stable RGs, and the best 293 combination of two genes, Actb/Pgk1 (Fig 3) . Expression values were calculated relative to expression in 294 control animals, using both the ΔΔCt method (Livak & Schmittgen, 2001) and the primer efficiency method 295 (Pfaffl, 2001, Fig 3) . Results were similar using Livak or Pfaffl methods. As expected, even when the 296 general pattern of target gene expression was similar for most of the RGs across treatments, target gene 297 expression levels were different depending on the RG used for normalization causing differences in the 298 significance level of the expression patterns. 
